Adrenergic receptors and sensitization of adenylyl cyclase in acute myocardial ischemia.
Acute myocardial ischemia leads to a gradual increase in beta-adrenergic receptors at the cell surface. This increase occurs rapidly after onset of global ischemia (15 minutes) and persists even after prolonged periods of global ischemia. This alteration can be observed both in vivo and in vitro in isolated perfused hearts. Several groups have previously shown that ischemia induces a local release of endogenous catecholamines. Here, we show that these endogenous catecholamines are sufficiently high to induce receptor desensitization with internalization of beta-adrenergic receptors in normal hearts. In acute myocardial ischemia, however, agonist-promoted internalization and functional uncoupling of beta-adrenergic receptors is abolished. Consequently, the balance of internalization and externalization of receptors is shifted toward an increase in functionally coupled receptors at the cell surface. Similarly, but inconsistently, the density of alpha 1-adrenergic receptors in the plasma membrane is increased in acute myocardial ischemia. In regard to function, the increase of coupled beta-adrenergic receptors leads to an augmented responsiveness of the adenylyl cyclase system to beta-adrenergic stimulation. This receptor-specific sensitization is superimposed by a transient increase of total adenylyl cyclase activity in the very early phase of global ischemia (0-20 minutes). The enhanced activity of adenylyl cyclase to direct stimulation is tightly associated with the partially purified enzyme, suggesting a covalent modification of the enzyme molecule. However, after prolonged periods (greater than 30 minutes) of global ischemia, the ischemia-induced enzyme-specific sensitization is displaced by a general reduction in enzyme activity, both in vivo and in vitro. The persistent sensitization at the receptor level then meets an unresponsive adenylyl cyclase.(ABSTRACT TRUNCATED AT 250 WORDS)